ABSTRACT
, showing a significant increase in recent decades, both in the pediatric and adult populations 2 , and may manifest with perennial or seasonal symptoms 3 . Perennial manifestations are the ones more commonly observed and are associated with sensitivity to household allergens 4 . House dust mites (HDM) allergens are the major triggering factors for the aggravation of these diseases, followed by other household allergens such as animal epithelia, fungi, and cockroach 5 . The treatment of these allergic diseases combines drug therapy with immunotherapy and environmental prophylaxis 6 . Allergen-specific immunotherapy consists of administering gradually increasing small doses of allergens over months or years and promotes a long-lasting effect even after treatment discontinuation 7 . Despite advances in the understanding of imunopathogenesis and pathophysiology of allergic respiratory diseases and in the development of efficient drugs to control airway inflammation and associated symptoms, so far immunotherapy, along with environmental hygiene practices, seems to be the only therapeutic strategy that managed to modify the natural progression of allergic respiratory diseases by promoting their improvement or even their remission and to prevent their worsening and the development of new sensitization events, exhibiting long-lasting effects even after immunotherapy discontinuation 8 . Allergen-specific immunotherapy should only be considered when the profile of specific-IgE sensitization is identified, preferably by immediate reading skin tests or, alternatively, by specific IgE testing with a radioallergosorbent test Sublingual immunotherapy of allergic asthma (RAST), and when symptoms are clearly related to exposure to the identified allergens 9 . Patients with allergic rhinitis or allergic asthma whose symptoms are not adequately controlled despite optimized therapy and environmental control and those whose disease control requires high drug doses or a combination of multiple drugs are potential candidates for immunotherapy, as well as those who develop adverse drug effects or those who want to prevent these effects 10 . The efficacy of immunotherapy has been recently demonstrated by randomized clinical trials, due to the availability of allergen extracts increasingly more purified and standardized with regard to their efficacy, which allowed us to accurate define antigen doses administered during immunotherapy 11 . There are two types of immunotherapy for the treatment of allergic respiratory diseases: subcutaneous immunotherapy (SCIT) and sublingual immunotherapy (SLIT). SCIT is the most widely used worldwide and consists of the subcutaneous administration of allergen doses. Although this technique has good efficacy, it may have limited adherence, especially in the pediatric population 12 . Conversely, SLIT does not have the same limitations regarding treatment adherence; however, evidence of its efficacy is still controversial 13 . SLIT has been increasingly used in Europe but not in countries like USA, where it is still under investigation, since no formulation has been approved yet by the Food and Drug Administration (FDA) 14 . In view of these findings, the present systematic review aimed to assess the most relevant studies that compared SLIT against HDM allergens with placebo in patients with allergic asthma.
METHODS
This study consisted of a systematic review with meta-analysis of three health databases to identify the most relevant double-blind randomized clinical trials that compared a group receiving SLIT against HDM allergens with another receiving placebo.
Inclusion Criteria
This review included double-blind randomized clinical trials investigating SLIT for the treatment of allergic asthma induced by HDM. Articles that did not have a placebo group, narrative reviews, systematic reviews, meta-analyses, case reports, and guidelines were excluded from the present review.
Search Strategy
The search was performed using specific descriptors English language, using the boolean operators AND and OR. Parentheses were used to indicate a group of search terms and quotation marks ('') to identify compound words. Therefore, the following search formula was used: (("Sublingual Immunotherapy" OR SLIT) AND (Asthma) AND ("House Dust Mites" OR HDM). Searches were made in PubMed (Medline), ScienceDirect (Elsevier) and Scielo (Bireme) in October 2016, with no restrictions on year of publication.
To avoid the inclusion of an excessive number of articles, searches were limited to title, keywords, and abstract fields. Thus, descriptors must be present in at least one of the search fields. Additionally, no search filters were specified, such as language, target audience, or type of study.
Articles selected from databases were then exported to a software for managing systematic reviews called State of the Art through Systematic Review (StArt) 15 , which helped to identify duplicate, excluded, and included articles. These analyses were conducted separately by two researchers (BMB, KS) and analyzed by a third researcher (CR).
Article eligibility was based on three inclusion and exclusion criteria: a) articles selected by the two investigators were included; b) articles not selected by either of the two investigators were excluded; c) articles selected by only one investigator were assessed by the reviewer and were included if meeting inclusion criteria.
After eligible articles were selected and outcome variables were identified, the Review Manager (RevMan) 16 was used and differential bivariate means (between group estimates -case vs. placebo), with a 95% confidence interval (95%CI) to estimate means for forced expiratory volume in the first second (FEV 1 ) and skin prick test (SPT) before and after intervention.
This systematic review was registered in the Centre for Reviews and Dissemination (PROSPERO) database 17 under number CRD42015023199.
RESULTS
Initially, 98 articles were retrieved from databases (57 from PubMed, 36 from ScienceDirect, and five from Scielo). Of these, 17 articles published in duplicate were excluded, as well as 62 articles that did not include a placebo group or were not related to the proposed topic. Therefore, 19 eligible articles were pre-selected for full reading, of which 10 were excluded because they did not meet eligibility criteria, Roncada et al. resulting in nine articles included in the meta-analysis, as shown in the flowchart below (Figure 1) .
Of the nine studies included, eight (88.9%) were conducted in Europe and only one (11.1%) were conducted in Asia. Overall, seven articles (77.7%) were published in the last 5 years (Table 1) . Table 2 describes the main characteristics of study participants and outcome variables analyzed in the meta-analysis. Figures 2 and 3 show a comparison of sensitization to HMD and FEV1 before and after intervention. For both outcomes, no significant differences were observed between groups that received SLIT and those that received placebo immunotherapy.
Sublingual immunotherapy of allergic asthma 
DISCUSSION
Evidence on the efficacy of SLIT has been subject of debate 27 , being considered a supportive treatment with little efficacy in the management of allergic respiratory diseases. Additionally, studies suggest that SLIT is not effective either for all allergens or for all patients, which hindered its acceptance in the scientific community with regard to its applicability.
28
As previously described by international guidelines 27, 28 for the management of respiratory diseases, the present meta-analysis did not find significant evidence on the efficacy of HDM sensitivity by SLIT in the treatment of allergic asthma. Although some studies found satisfactory values when using ITSL with HMD in the same study population, means for outcomes variables were not statistically different between groups receiving SLIT and placebo.
No intra or inter-group differences in sensitization to HMD Dermatophagoide pteronyssinus and Dermatophagoide farine were observed (Chil 2 = 3.09, df 3, p = 0.38, I 2 = 2.9%) between SLIT and placebo groups before and after intervention. Similarly, no differences were observed in FEV 1 (Chil 2 = 0,01, df 1 p=0,93, I 2 =0%). In the study by Aydogan et al. 18 , after 12 months of treatment, no significant differences were observed in the within and between-group comparisons of SLIT and groups based on disease symptom score and drug use score (p > 0.05). Skin reactivity to Dermatophagoides pteronyssinus was significantly reduced in SLIT compared to placebo group (p = 0.018).
Additionally, a significant reduction in nasal sensitivity was observed in SLIT group after one year treatment when compared to baseline (p = 0.04). The proportion of patients with non-specific bronchial hyperreactivity had an almost 3-fold increase in placebo group compared to baseline. The study by Aydogan et al. 18 concluded that -SLIT with HDM has a modulating effect on allergen-specific nasal sensitivity, skin reactivity, and bronchial responsiveness but is not superior to placebo in reducing rhinitis symptoms.
Bahçeciler et al. 19 found similar results to those by Aydogan et al. 18 with regard to sensitization to HMD. At the end of the study, there was a reduction in the use of nasal corticosteroids to control rhinitis symptoms in the SLIT group compared with the placebo group (p = 0.004). Baseline skin sensitivity to D. pteronyssinus and D. farinea was not significantly different between in the two groups At the end of 6 months, PEF values in the placebo group were significantly lower than in the SLIT group (p = 0.049). Throughout the treatment period, the SLIT group was found to have less asthma exacerbations than the placebo group (p = 0.007). Results of this study suggests that SLIT may be a useful complementary therapy for respiratory diseases. Bousquet et al. 20 showed that there was a moderate difference in in daytime asthma scores and increased sensitization to methacholine in SLIT group compared with placebo group. Additionally, the authors found that use of inhalers was significantly decreased after 25 months of treatment in both groups. Sublingual immunotherapy of allergic asthma Corzo et al. 21 conducted a study with two different placebo-controlled trials (trial 1: adults; trial 2: children) and observed immunological changes and IgE blockade in a dose-dependent manner in both trials. The doses used in these trial were were tolerated in the selected populations, and thus were found found to be suitable for further clinical investigations in adults and children with allergic diseases.
Pham-Thi et al. 23 conducted a study to assess the efficacy of SLIT in 111 childran and adolescents aged from 5 to 15 years with HMD-induced mild to moderate asthma. After a 4-week baseline phase, patients were randomly assigned to receive SLIT with tablets of HDM extract (n = 55) or placebo (n = 56) for 18 months. Pharmacologic treatment was adjusted every 3 months. Asthma symptom scores, reduction in use of inhaled corticosteroids and inhaled beta 2 -agonists, rhinitis symptoms, lung function tests, and skin sensitivity to HDM were assessed during the study. After 18 months of treatment, diurnal and nocturnal asthma symptoms scores did not show significant differences between SLIT and placebo groups. Inhaled beta 2 -agonist was reduced in both groups without significant differences between groups. There were no significant differences in lung function (FEV 1 ) and peak flow rate variations between groups. Rhynitis symtom score decreased in both groups, with no difference between the two groups. SLIT induced a significant reduction of skin sensitivity to HDM (p<0.01). However, the authors report that SLIT does not provide additional benefit for children with asthma.
Wang et al. 24 developed a study with 484 asthmatic adults over 12 months of treatment with SLIT and placebo. The proportion of asthmatic patients who exhibited SLIT response was low, with no significant difference with placebo group. For patients with moderate asthma (n= 175), treatment success rate greater in the SLIT group than in the placebo group (80.5% and 66.1, respectively; p = 0.021). No significant difference was observed in patients with mild asthma (n = 237). However, in the subgroup of patients with moderate asthma, the percentage of patients with totally controlled asthma was greater (p=0.008) in SLIT group compared with placebo group (54.0% and 33.9%, respectively). However, the author suggest that sensitization with SLIT in large groups of patients with moderate persistent asthma may be efficient and safe to reach asthma control when combined with steroid therapy.
Yukselen et al. 25 evaluated the efficacy of SLIT and SCIT with HMD in children with allergic rhinitis and asthma compared with placebo. After 12 months of treatment, SCIT was found to be more effective in reducing disease symptoms compared with placebo and SLIT. However, nasal provocative doses increased in both treatment groups (SLIT and SCIT) compared with placebo group. Nasal eosinophil after nasal challenge decreased with two treatment modes compared with baseline, and the clinical efficacy of SCIT and SLTI on rhinitis and asthma symptoms was more evident when compared with the placebo after 12 months of treatment.
Yukselen et al. 26 published a study expanding the previous one and using the same criteria. The main findings of this study showed that clinical and immunological parameters were decreased since the first year of SCIT and SLIT and were maintained in the second year of the study, The study show that clinical immunological improvement with SCIT starts after the first years of immunotherapy, requiring more prolonged treatment with SLIT in children with rhinitis and asthma. However, HMD sensible children receiving SCIT have better response to hyperreactivity that children receiving SLIT.
Therefore, we concluded that the efficacy of SLIT in the treatment of allergic diseases could not be consistently confirmed be by meta-analysis. Additionally, the studies analyzed showed that there was a slight difference between SLIT and placebo groups; however, to reach a minimally acceptable efficiency, the treatment should be implement for more than 24 months, hindering treatment adherence.
